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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress both the 
excessive abrasion of an opposite material and the 
abnormal abrasion of a hard carbon film itself caused by 



hard carbon film having a prescribed hardness and 
formed directly or through an interlayer on the surface of 
a substrate and further an electroconductive film having 
<1^1Q7 Qcm, preferahiv <ixin4 Qcm resistivitv, 
especially an electroconductive hard carbon film 
containing <27 atm.% liydrogen and/or <25 atnn.% third 
element such as nitrogen and formed on the surface 
thereof. 
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the sticking of dust to the surface of the hard carbon film 
by preventing the static electricity from generating on the 
hard carbon film formed on the surface of a substrate. 
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SOLUTION: This dustproof hard carbon film comprises a 
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* NOTICES * 



Japan Patent Office is not responsible for any 
dcunages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely 

2 **** shows the word which can not be translated. 

3 In the drawings, any words are not translated 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the protection-against-dust 
nature hard-carbon coat excellent in the protection-against-dust nature especially used for coating films, 
such as antifriction parts, such as a tool, autoparts, the magnetic head, a magnetic disk, a magnetic tape, 
electric contact, and a lens, a moving part, and an optic, about the protection-against-dust nature hard- 
carbon coat of the shape of amorphous [ which is formed on a base material by the plasma CVD method, 
the sputtering method, etc. ]. 
[0002] 

[Description of the Prior Art] A hard-carbon coat is a hydrogenation carbon film which combined 
hydrogen with the uncombined hand of the carbon which exists in the carbon film of the shape of 
amorphous [ which does not show the crystal structure clearly carried out by the X diffraction ], or a 
film, and is also called a-C:H, i-C, and DEC (diamond-like carbon). The expectation as a coating film 
whose hard-carbon coat can apply the property of a diamond to various devices since [ although 
excelling chemical-resistant etc. is close to a diamond in physical properties, ] the membrane formation 
conditions are easy compared with a diamond thin film, a mechanical strength, thermal conductivity, 
electric insulation, infrared permeability, and is growing 

[0003] Especially Vickers hardness Hv of a hard-carbon coat can be hardened to about 4000, and 
although it was lower than the diamond thin film, since it was high compared with other hard thin films, 
while it excelled in abrasion resistance, when it is used for antifriction parts, it has the advantage of not 
damaging partner material too much. 

[0004] Moreover, to a diamond thin film being 5-10-micrometer surface roughness because of the 
structure which the microcrystal grain accumulated, since a hard-carbon coat is amorphous [-like ], the 
surface roughness after membrane formation is Inm or less, it excels in surface smooth nature and 
coefficient of friction has the feature of a low Therefore, the hard-carbon coat is excellent especially as 
a coating film to the bill-of-mate rials side which thinks abrasion resistance and a sliding property as 
important 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the degree of hardness of a hard-carbon coat 
was combined with the degree of hardness of partner material, and was lowered to a moderate degree of 
hardness and both were slid under environment with much dust in order to suppress too much wear of 
the partner material by the hard-carbon coat, there was a problem that the abrasion loss of the hard- 
carbon coat itself became high unusually with the dust which static electricity occurred at the time of 
sliding, and dust becomes easy to adhere to a hard-carbon coat front face, and adhered to the sliding 
surface. 

[0006] The technical problem which this invention tends to solve is to offer the protection-against-dust 
nature hard-carbon coat which adhesion of the dust to a front face is reduced by preventing static 
electricity generating on the hard-carbon coat formed in the base-material front face, and can reduce the 
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anomalous attrition of a hard-carbon coat even if it is the case where it is used under environment with 

much dust by this. 

[0007] 

[Means for Solving the Problem] The protection-against-dust nature hard-carbon coat which starts this 
invention in order to solve the above-mentioned technical problem is lxl07-ohmcm formed in the front 
face of the hard-carbon coat formed in the base-material front face through direct or the interlayer, and 
this hard-carbon coat. Let a bird clapper be a summary from the conductive coat which has the following 
specific resistance. 

[0008] According to the protection-against-dust nature hard-carbon coat which has the above-mentioned 
composition, the conductive coat which has electrical conductivity further is formed on the hard-carbon 
coat formed in the base-material front face the case where the base material and the partner material in 
which such a protection-against-dust nature hard-carbon coat was formed are slid - a member - the 
charge accumulated by sliding of a between on the hard-carbon coat is removed from on a hard-carbon 
coat through the conductive coat formed on the hard-carbon coat, and generating of static electricity is 
prevented Since adhesion of the dust on the front face of a coat is reduced even if it slides the bottom of 
environment with much dust by this, it becomes possible to maintain the stable low abrasion loss. 
[0009] As a base material for forming the protection-against-dust nature hard-carbon coat concerning 
this invention here Various kinds of metallic materials, such as steel, copper, aluminum, a titanium 
alloy, and cemented carbide, A silicon carbide, a silicon nitride, alumimium nitride, boron nitride, glass, 
an alumina. Although plastic material, such as optical materials, such as semiconductor materials, such 
as ceramic material, such as a quartz and AlTiC (aluminum203+TiC), Si and germanium, and GaAs, 
ZnS, and ZnSe, and a polyethylene terephthalate (PET), etc. is mentioned as an example It is applicable 
to all the material instead of what is limited to especially such material. 

[0010] Moreover, although interface bonding strength to many base materials may be unable to expect 
the high adhesion force to a low sake, as for a hard-carbon coat, it is good in such a case to make 
interlayers, such as Si with high interface bonding strength with a hard-carbon coat and germanium, 
intervene between a base material and a hard-carbon coat. 

[001 1] What is necessary is just to adjust suitably the degree of hardness of the hard-carbon coat formed 
on a base material to the optimal value in consideration of the degree of hardness of partner material, a 
use, the property demanded. What is necessary is just to fluctuate the content of elements other than the 
carbon in a hard-carbon coat according to the degree of hardness of partner material etc., since there is 
specifically an inclination for a degree of hardness to become high, in the case of the hard-carbon coat 
by the plasma CVD method so that the third element contents other than hydrogen, carbon, and 
hydrogen decrease. Moreover, the thickness of a hard-carbon coat should just also choose the optimal 
thickness according to the use of a base material, the property demanded. 

[0012] The conductive coat formed in the front face of a hard-carbon coat requires a bird clapper from 
die material whose specific resistance is 1x107 or less ohm cm Specific resistance is lxl07-ohmcm. It 
is becan<;e the charge acciimiilateH at a <;lirling <iiirface cannot he efficiently removed when large At the 
point of removing static electricity generated in a sliding surface, it is so good that it is small, and the 
specific resistance of a conductive coat is lxl04-ohmcm preferably. It is the following. Moreover, the 
thickness of a conductive coat should just choose the optimal thickness suitably in consideration of the 
use of the base material which forms a coat, demand characteristics, abrasion resistance, etc 
[0013] Moreover, the quality of the material of the conductive coat formed in the front face of a hard- 
carbon coat is not it being sufficient if specific resistance's is below lxl07-ohmcm, and limited 
especially, either For example, the oxide which has electrical conductivity, such as carbide which has 
the electrical conductivity of metals, such as Fe, Cr, nickel, Ti, aluminum, and Cu, and these alloys, TiC, 
ZrC, TiN, ZrN and TiB2, and ZrB2 grade, a nitride, a boride, Sn02 and In 203, and CdSn04, ZnO, is 
mentioned as an example. 

[0014] However, as for the aforementioned conductive coat, it is desirable that it is especially the 
conductive hard-carbon coat whose hydrogen content is less than [ 27atm% ] A hard-carbon coat will 
be lxl07-ohmcm about the specific resistance of a hard -carbon coat, if it has the property in which 
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specific resistance becomes small and a hydrogen content is made into less than [ 27atm% ] so that the 
amount of hydrogen combined with the carbon which has the uncombined hand which exists in a film 
decreases. It is because it can consider as the following. 

[0015] And it is because a process can be simplified and low-cost-izing is possible, since the both sides 
of the hard-carbon coat which has the predetermined degree of hardness formed in a substrate front face 
using the same manufacturing installation, and the hard-carbon coat which has the electrical 
conductivity formed on it can be formed while the adhesion force is high compared with the case where 
the thin film which consists of a dissimilar material is formed on the hard-carbon coat formed on a 
substrate and a reliable coat is obtained. 

[0016] Furthermore, when forming the hard-carbon coat of single composition on a base material since 
specific resistance has the increasing property although a degree of hardness falls [ a hard-carbon coat ] 
with increase of the amount of hydrogen, it is difficult to control a degree of hardness and specific 
resistance independently. However, it becomes easy to control the degree of hardness of a coat and 
specific resistance independently, since the specific resistance on the front face of a coat will be 
determined by the conductivity hard-carbon coat formed on the hard-carbon coat while mainly being 
determined by the hard-carbon coat which will form the degree of hardness of the whole coat on a base 
material if a hard-carbon coat is formed on a substrate and a conductive hard-carbon coat is further 
formed on it. It becomes possible to remove efficiently static electricity generated in a sliding surface, 
this suppressing too much wear of partner material. 

[0017] Moreover, the aforementioned conductive hard-carbon coat may contain the third element other 
than carbon and hydrogen. A hard-carbon coat is because the specific resistance of a hard-carbon coat 
can be easily adjusted by having the property in which specific resistance becomes small and controlling 
the third element content so that the content of the third element other than hydrogen and carbon 
increases. In addition, the content of the third element requires that it is less than [ 25atm% ]. It is 
because manufacture of a conductive hard-carbon coat becomes difficult when the third element content 
exceeds 25atm(s)%. The third element content is less than [ 10atm% ] preferably. 
[0018] Although there will be especially no limitation if the third element which a hard-carbon coat is 
made to contain for the purpose of conductive grant is an element with possible making it combine with 
the uncombined hand in a hard-carbon coat, the 5th group elements of a periodic table, such as the 3rd 
group elements of a periodic table, such as B and aluminum, and P, N, are desirable. It is because 
electrical conductivity will improve remarkably if these elements are added on a hard-carbon coat. 
[0019] As for especially the third element added on a conductive hard-carbon coat, it is desirable that it 
is nitrogen It is because there are nitrogen gas, ammonia, etc., these are cheap as a raw material 
containing nitrogen and there is also little toxicity. 

[0020] Various kinds of manufacture methods, such as the ion plating method which the plasma CVD 
method which decomposes hydrocarbon gas with plasma and forms membranes as the manufacture 
method of the hard-carbon coat concerning this invention, the dual ion beam spatter method which 
combined sputtering of a graphite and ion acceleration, and a graphite are evaporated with an electron 
beam, and is ionized and accelerated, can be used. 

[0021] As the membrane formation method of the conductive coat formed on the hard-carbon coat 
which has the predetermined degree of hardness which formed membranes on the substrate, membranes 
can be formed according to the quality of the material of a conductive coat by various kinds of methods, 
such as a vacuum deposition, the sputtering method, and the ion plating method. Moreover, what is 
necessary is to change membrane formation conditions, such as power, a material gas flow rate, and 
substrate temperature, and just to form membranes using the same equipment, after forming on a 
substrate the hard-carbon coat which has a predetermined degree of hardness, in forming the conductive 
hard-carbon coat which controlled the content of the third element, such as hydrogen and nitrogen, as a 
conductive coat. 
[0022] 

[Embodiments of the Invention] Below, the gestalt of 1 operation of this invention is explained in detail. 
Drawing 1 shows the outline block diagram of the plasma CVD (PE-CVD) equipment for 
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the hard-carbon coat concerning this invention. Plasma CVD equipment 1 is equipped with the reaction 
container 2 in drawing 1 The reaction container 2 is connected to the exhaust system (not shown) so 
that the interior can be held to a predetermined degree of vacuum 

[0023] The electrode 3 is formed in the interior of the reaction container 2. It connects with RF 
generator 5 through the matching box 4, and an electrode 3 can impress a predetermined RF now to an 
electrode 3 Moreover, the interior of an electrode 3 is a cavity and can circulate now through cooling 
water. Cooling of an electrode 3 is also performed in order to hold substrate temperature to desired 
temperature at the same time it is carried out in order to prevent the erosion of the electrode by the eddy 
current generated when a RF is impressed Furthermore, the substrate 6 for forming a hard-carbon coat 
can be laid now in the upper surface of an electrode 3. 

[0024] The reaction container 2 is connected to the end of the mass-flow control 8 through a solenoid 
valve 7, and the other end of the mass-flow control 8 is connected to the material gas source of supply 
(not shown). When the matter used as the raw material of a hard-carbon coat is a gas and a material gas 
source of supply consists of a chemical cylinder, a liquid, or a solid-state, it consists of a carburetor, a 
carrier gas source of supply, etc. 

[0025] Next, the process which manufactures a hard-carbon coat is explained using the above-mentioned 
manufacturing installation. First, the substrate for forming a hard-carbon coat is prepared, a substrate 
front face is wrapped, and surface roughness Ra is made into a predetermined value, for example, lOnm, 
and the following. What is necessary is just to form a hard-carbon coat according to the process 
described below as it is, when a substrate consists of the quality of the material with large interface 
bonding strength with a hard-carbon coat (for example, when it is Si wafer etc.) 
[0026] However, when a substrate consists of the quality of the material with small interface bonding 
strength with a hard-carbon coat (for example, when it is an alumina etc.), it is desirable to form in a 
substrate front face the interlayer who consists of the quality of the material with large interface bonding 
strength with a hard-carbon coat, for example, Si, germanium, etc. Although there are various methods, 
such as vacuum evaporationo, sputtering, and ion plating, and an interlayer's thickness is based also on a 
use as an interlayer's formation method, it usually forms so that it may become the thickness of 0.2 
micrometers or less 

[0027] Subsequently, it exhausts by the exhaust air means (not shown) until the inside of the reaction 
container 2 reaches a predetermined degree of vacuum, after laying a substrate 6 on the electrode 3 
which it had in the reaction container 2 and sealing the reaction container 2 In the place where the 
inside of the reaction container 2 reached the predetermined degree of vacuum, a solenoid valve 7 is 
opened and the material gas which consists of a hydrocarbon, and the material gas which contains the 
third element other than hydrogen gas, carbon, and hydrogen if needed are introduced in the reaction 
container 2 from a material gas source of supply (not shown). The amount of supply of material gas is 
controlled by the mass-flow control 8, and gas ** in the reaction container 2 is maintained by the 
predetermined value by balancing an introductory speed of material gas, and the exhaust speed by the 
exhaust svstem 

[0028] In the place where material gas was mtroduced in the reaction container 2, a RF is impressed to 
an electrode 3 by RF generator 5 through a matching box 4, cooling an electrode 3 if a RF is impressed 
to an electrode 3, electric discharge will take place into the material gas introduced in the reaction 
container 2, and material gas will decompose with the switched-on electrical energy ~ having ~ C+, 
CH+, CH2+, and CH3+ etc. ~ it will ionize into the ion of the third element added the ion containing 
carbon, H+, and if needed, and an electron, and will be in the plasma state 

[0029] Where a RF is impressed, out of plasma, only an electron originates in a mass difference with 
ion, and reaches the beginning at an electrode Therefore, an electron is accumulated at an electrode and 
bias of the electrode is carried out to negative according to this. Consequently, the cation containing the 
carbon in plasma etc. collides with a substrate in response to acceleration of negative bias, and the hard- 
carbon coat is formed on the substrate. 

[0030] In addition, if it is the matter of the shape of a gas, a liquid with easy making it evaporate, or a 
solid-state as a hydrocarbon used as a carbon source of a hard-carbon thick coat, it is sufficient, for 
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example, aromatic hydrocarbons, such as alicyclic hydrocarbon, such as ahphatic hydrocarbon, such as 
methane, ethane, a propane, ethylene, a propylene, and acetylene, a cyclopropane, and a cyclobutane, 
benzene, toluene, and a xylene, etc. are mentioned as an example When aromatic hydrocarbons, such as 
benzene, toluene, and a xylene, are especially used as a carbon source, there is an advantage that 
membrane formation speed is accelerable. 

[003 1 ] Next, after forming the hard-carbon coat which has a predetermined degree of hardness on a 
substrate, how to form a conductive hard-carbon coat on the front face is explained The hard-carbon 
coat by the plasma CVD method is the mixture of precise amorphous-like carbon and hydrogen, and 
when the amount of hydrogen is decreased, it has the property in which the specific resistance of a hard- 
carbon coat falls. 

[0032] Although growth of a hard-carbon coat advances here when the carbon ion in plasma combines 
with the carbon which has the uncombined hand which exists in a film front face, if the number of 
uncombined hands is reduced by hydrogen being attached to this uncombined hand, in the portion, 
already, it will not generate but combination of carbon-carbon will become [ that hydrogen is 
incorporated with as, and ]. 

[0033] A plasma CVD method is H+ in the plasma generated simultaneously Membrane formation 
advances reacting with the hydrogen on the front face of a film, or carbon, and removing as gas, such as 
H2 or CH4 

[0034] Therefore, in forming a conductive hard-carbon coat on it after forming the hard-carbon coat 
which has a predetermined degree of hardness on a base material under a predetermined membrane 
formation condition, it changes membrane formation conditions, and it is H+ in a film front face and 
plasma What is necessary is just to form membranes under conditions whose amount of hydrogen on 
the front face of a film are made to promote a reaction and decreases 

[0035] In using the plasma-CVD method shown in drawing 1 as a membrane-formation means, the 
increase in the OFF time of the electric discharge in the case of performing pulse electric discharge 
which stops a high frequency discharge temporarily during the increase in the RF power supplied to an 
electrode 3 among membrane formation conditions, reduction of the flow rate of the material gas 
introduced in the reaction container 2, elevation of substrate 6 temperature, and membrane-formation 
electric discharge acts so that the hydrogen content in a film may be reduced. 

[0036] A hydrocarbon molecule is decomposed into the state of a rose rose, and it is H+ in plasma that 
the hydrogen content in a film falls by the increase in RF power and the fall of the material gas flow rate 
per unit time which are supplied to an electrode 3, when the injection energy per unit molecule 
increases. An yield increases and, thereby, it is H+ in a film front face and plasma. It is because an 
etching reaction is promoted. 

[0037] Moreover, the hydrogen content in a film falling by elevation of substrate temperature is that the 
kinetic energy on the front face of a film increases, and it is H+ in plasma Reaction efficiency is 
improved and it is few H+. It is for an etching reaction to progress also in an amount. 

roO^Rl TViat fiirthprmorp thp hvdmof^ri rontpnt in a film will rlerrpas;e if niilse electric dis;chart?e is; 

1^ — _j , — — ^ — — , J ^ 

performed so that a RF may be impressed to an electrode or it may stop As opposed to membrane 
formation advancing by balance of an etching reaction and a deposition reaction in continuous discharge 
in pulse electric discharge H+ which contributes to an etching reaction from the lifetime of the carbon 
contributed to a deposition reaction at the time of a RF idle state, or a carbon combination molecule It is 
because an etching reaction is performed in addition even if a deposition reaction stops [ the direction of 
a lifetime ] from a********. 

[0039] By it being the same when changing the third element content in a film, and introducing the 
material gas containing the third element, such as nitrogen, in a reaction container with the material gas 
used as a carbon source, and choosing suitably membrane formation conditions, such as injection power, 
a quantity of gas flow, substrate temperature, and OFF time of pulse electric discharge, the third element 
content in a coat can be changed and it becomes possible to form easily the hard-carbon coat from which 
specific resistance differs by this. 

[0040] (Example 1) The protection-against-dust nature hard-carbon coat was formed using the plasma 
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CVD equipment shown in drawing 1 . Using that to which the substrate formed 20aluminum3 5- 
micrometer film by sputtering to Si wafer with a diameter [ of 1 50mm ], and a thickness of 0.8mm, the 
front face was ************ed so that surface roughness Ra might be set to Inm or less. This was laid 
on the electrode 3 in the reaction container 2, the xylene was introduced at the rate of lOOSCCM(s) as a 
carbon source in [ after exhausting the inside of the reaction container 2 to lxlO-5Torr ] the reaction 
container 2, and the hard-carbon coat with a Vickers hardness [ Hv800 ] and a thickness of 0.3 
micrometers was formed on Si substrate on condition that the substrate temperature of 27 degrees C, the 
frequency of 13.56MHz, and injection power 300W 

[0041 J Subsequently, the conductive hard-carbon coat with a thickness of 5.5 micrometers from which a 
hydrogen content differs was formed on the aforementioned hard-carbon coat by controlling suitably the 
RF power and the xylene flow rate which are supplied to an electrode, making other membrane 
formation conditions the same, the hydrogen content of the conductive hard-carbon coat formed in the 
maximum front face ~ the HFS (hydrogen front dispersion) method ~ moreover, the specific resistance 
was measured by the four point probe method A result is shown in drawing 2 

[0042] The specific resistance of the hydrogen content contained in the conductive hard-carbon coat 
formed in the maximum front face and a conductive hard-carbon coat fell with the increase in the RF 
power supplied to reduction and the electrode of a xylene flow rate which are introduced in the reaction 
container 2. the case where a hydrogen content becomes less than [ 27atm% ] — specific resistance ~ 
lxl07-ohmcm the following ~ becoming ~ a hydrogen content ~ 25atm(s)% — specific resistance ~ 
5xl05-ohmcm up to ~ it fell 

[0043] (Example 2) The protection-against-dust nature hard-carbon coat was formed using the plasma 
CVD equipment shown in dra wing 1 . Using that to which the substrate formed 20aluminum3 5- 
micrometer film by sputtering to Si wafer with a diameter [ of 1 50mm ], and a thickness of 0.8mm, the 
front face was ************ed so that surface roughness Ra might be set to Inm or less. This was laid 
on the electrode 3 in the reaction container 2, the xylene was introduced at the rate of lOOSCCM(s) as a 
carbon source in [ after exhausting the inside of the reaction container 2 to ixlO-5Torr ] the reaction 
container 2, and the hard-carbon coat with a Vickers hardness [ Hv800 ] and a thickness of 0.3 
micrometers was formed on Si substrate on condition that the substrate temperature of 27 degrees C, the 
frequency of 13.56MHz, and injection power 300W. 

[0044] Subsequendy, it is N2, making other membrane formation conditions the same and making 
20SCCM(s) and injection power into the constant value of 600W for a xylene flow rate. By controlling a 
quantity of gas flow suitably, the conductive hard-carbon coat with a thickness of 5 5 micrometers from 
which a nitrogen content differs was formed on the aforementioned hard-carbon coat. The hydrogen 
content and specific resistance of a conductive hard-carbon coat which were formed in the maximum 
front face were measured with the same procedure as an example 1 . Moreover, the nitrogen content was 
measured by the RBS (Rutherford backscattering) method. A result is shown in drawing 3 . 
[0045] The nitrogen content contained in the conductive hard-carbon coat formed in the maximum front 
face increased with the increase in the nitrogen gas flow rate introduced in the reaction r.ontainpr ? and 
specific resistance fell, hydrogen content 25atm% and nitrogen-content Oatm% of composition ~ 
specific resistance 5xl05-ohmcm it is — a thing ~ receiving ~ hydrogen content 25atm% and 
nitrogen-content 0. latm^'/o of composition ~ specific resistance ~ 3xl05-ohmcm becoming further ~ 
hydrogen content 25atm°^o and nitrogen-content ]Oatm% of composition — specific resistance — 8x103- 
ohmcm up to ~ it fell 

[0046] (Example 3) According to the same procedure as an example 1, the hard-carbon coat with a 
Vickers hardness [ Hv800 ] and a thickness of 0 3 micrometers was formed on Si substrate with 
aluminum203 film. Subsequently, the conductive hard-carbon coat with a thickness of 5.5 micrometers 
was further formed on the aforementioned hard-carbon coat, having used injection power as 600W for 
the xylene flow rate introduced in the reacdon container 2 by having used 20SCCM(s) and the nitrogen 
gas flow rate to 160SCCM(s). Vickers hardness Hv of the obtained coat ~ 1500 and specific resistance - 
- 8x 1 03-ohmcm it was 

[0047] (Example 1 of comparison) According to the same procedure as an example 1, the hard-carbon 
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coat with a Vickers hardness [ Hv800 ] and a thickness of 0.3 micrometers was formed on Si substrate 
with aluminum203 film. Subsequently, the hard-carbon coat with a thickness of 5 5 micrometers was 
further formed on the aforementioned hard-carbon coat, without having set to 50SCCM(s) the xylene 
flow rate introduced in the reaction container 2, having set injection power to 600W, and pouring 
nitrogen gas. Vickers hardness Hv of the obtained coat was 1500, and specific resistance was > 
lOSohmcm 

[0048] The abrasion test was performed about the hard-carbon coat obtained in the example 3 and the 
example 1 of comparison Beforehand, the abrasion test carried out patterning of the hard-carbon coat by 
the photoresist so that it might become an ellipse (30micromx50micrometerX formed the island-like 
hard-carbon coat by removing a garbage by RIE, and performed it by measuring the wear rate of the 
hard-carbon coat when fixing linear velocity and running a lap disk this island-like hard-carbon coat. 
Moreover, measurement environment was performed in the range of a class 10 to the class 1000 ("Class 
X" means that the number of the dust 0.5 micrometers or more which exists in lft3 is X or less 
environment). A result is shown in drawing 4 

[0049] For an average wear rate, at the example 3 which formed the conductive hard-carbon coat further 
on the hard-carbon coat formed on the substrate, an average wear rate is 400-micrometer3/min under 
250-micrometer3/min and the conditions of a class 1000 under the conditions of a class 10. It became, 
and the wear rate increased, so that the amount of the dust which exists in measurement environment 
increased. 

[0050] Also in the example 1 of comparison which, on the other hand, formed the hard-carbon coat 
which does not have electrical conductivity further on the hard-carbon coat formed on the substrate, the 
inclination for a wear rate to increase was accepted, so that the amount of the dust which exists in 
measurement environment increased similarly. However, under the conditions of a class 10, an average 
wear rate is 900-micrometer3/min under 350-micrometer3/min and the conditions of a class 1000. 
Becoming, compared with the example 3, the average wear rate increased remarkably 
[0051] Drawing 5 shows the average and a distribution of the wear rate measured under the condition of 
a class 100 about the hard-carbon coat created in the example 3 and the example 1 of comparison an 
example 3 - the average of a wear rate - 300-micrometer3/min it is ~ the measured data were 
distributed from 200-micrometer3/min to 500-micrometer3/min on the other hand — the example 1 of 
comparison — the average of a wear rate — 600-micrometer3/min it is ~ the measured data were 
distributed from 250-micrometer3/min to 1100-micrometer3/min 

[0052] While the anomalous attrition of the hard-carbon coat resulting from dust was suppressed and 
average abrasion loss fell even if it slid the bottom of environment with much dust when the conductive 
hard-carbon coat was formed on the hard-carbon coat formed on the substrate from the above result, it 
turns out that the stable low abrasion loss is maintainable. 

[0053] In addition, alterations various in the range which is not limited to the above-mentioned example 
at all, and does not deviate from the summary of this invention are possible for this invention. For 
example although the hydrogen content and the nitrogen content are controlled by the above-mentioned 
example in order to reduce the specific resistance of the conductive hard-carbon coat formed in the 
maximum front face, you may reduce specific resistance by adding the third element other than 
hydrogen and nitrogen, and controlling the third element content 

[0054] Moreover, although the hard-carbon coat which has electrical conductivity is adopted as a 
conductive coat formed on a hard-carbon coat in the above-mentioned example, the metal which has 
abrasion resistance as a conductive coat, an alloy, conductive carbide, a nitride, etc. may be used, and it 
is not limited to the above-mentioned example 
[0055] 

[Effect of the Invention] Since this invention removed effectively static electricity accumulated on a 
hard-carbon coat front face when it slid a base material and partner material by forming a conductive 
coat further on the hard-carbon coat formed in a base-matenal front face, even if it slides it on the 
bottom of environment with much dust, adhesion of the dust to a sliding surface is reduced and it is 
effective in the stable low abrasion loss being maintainable 
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[0056] Moreover, it is effective in becoming possible to remove efficiently static electricity generated in 
a sliding surface, suppressing too much wear of partner material, since it will become possible to control 
independently the degree of hardness of the whole coat, and the specific resistance of a coat maximum 
front face, if the conductive hard-carbon coat obtained by controlling the content of the third element, 
such as hydrogen and nitrogen, as a conductive coat formed in a front face is used. 
[0057] Furthermore, if a conductive hard-carbon coat is used as a conductive coat, since manufacture 
will become possible about the hard-carbon coat and the conductive coat which are formed on a base 
material at the same manufacturing process, while becoming possible to attain simplification of a 
process, and low-cost-ization, it is effective in a reliable protection-against-dust nature hard-carbon coat 
being obtained. 



[Translation done ] 
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